The chemical composition of the essential oils, antioxidant activity (DPPH and β-carotene/linoleic acid assays) and total phenolic content (Foline-Ciocalteu) of the flowers and leaves of Salvia reuterana were determined. Essential oils extracted from the flowers and leaves by hydrodistillation were analyzed by GC and GC/MS. Forty-four constituents, representing 99.7-99.9% of the oils, were identified. The major components were germacrene D, benzoic acid hexyl ester, bicyclogermacrene, β-gurjunene and ishwarene, constituting 33.7-31.9% of the oils. The highest radical-scavenging activity (DPPH test) was shown by the methanol extract of the flowers (IC 50 =77.6 µg/mL). In the β-carotene/linoleic acid assay, the methanol extract of the leaves showed the highest inhibition (40.3%) which was only slightly lower than that shown by BHT (82.9%). The total phenolic contents of the methanol extracts of the flowers and leaves as gallic acid equivalents were 81.4 and 88.3 µg/mg, respectively. The plant also showed good antimicrobial activity against three strains of tested microorganisms.
One of the largest genera of the family Lamiaceae, Salvia L., is represented by over 900 species and is widely distributed over the world. Fifty-eight species of this genus are documented in the flora of Iran, 17 of which are endemic. [1] . Salvia and their essential oils are used in food flavoring, pharmaceuticals and in perfumery. Salvia species have been reportedly used in folk medicine for wound healing and in alleviating stomach, liver and rheumatism pains and for treating the common cold in the form of infusions and decoctions. Recently, the antioxidant activity of S. reuterana and other members of the genus Salvia has been widely reported [2] [3] [4] [5] [6] [7] . Also, antioxidant activities of the seed oils of Salvia have been recorded. Their fatty acids (e.g. palmitic, palmitoleic, stearic, oleic, linolenic and archidic acids) are responsible for this activity [8] . S. reuterana Boiss. is a perennial herb that grows in the highlands of central Iran. The Persian name of this plant is Maryam Goli Esfehani. Various components, especially polyphenols (such as flavonoids, phenyl propanoids, phenolic acids and tannins), are known to be responsible for the free radical scavenging and antioxidant activities of plants. The aim of the present study was to examine the chemical composition and evaluate the antioxidant and antimicrobial effects of the essential oils and methanol extracts of the flowers and leaves of S. reuterana.
Hydrodistillation of the dried flowers and leaves of S. reuterana for 3.5 hours yielded the essential oils in 0.15 and 0.04%, w/w, respectively. The oils were analyzed by GC and GC/MS, and the various components (Table 1) were identified both quantitatively and qualitatively. A total of forty-four compounds have been identified representing around 99.7-99.9% of the total oil. The main constituents of the essential oils of the flowers (F) and leaves (L) were germacrene D (F: 3.2%, L: 21.2%), benzoic acid hexyl ester (F: 17%), 8(S),13-cedrandiol (L: 9.9%), epi-laurenene (L: 9.5%), bicyclogermacrene (L: 8.2%) and β-gurjunene (F: 7.5%, L: 0.9%). Reports on the essential oil composition of S. reuterana are scant in the literature. In 2006, germacrene D, β-caryophyllene and bicylogermacrene were reported as the major components of the essential oil of S. reuterana [9, 10] . Contrary to the earlier report that β-caryophyllene, linalool, linalyl acetate, viridiflorol, manool, α-humulene, borneol, α-pinene, 1,8-cineole, camphor, α-bisabolol, bornyl acetate, α-thujone, (E)-β-ocimene and α-gurjunene were predominately present in the oil, we did not find these compounds in the present study [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . The first major component of our plant, germacrene D, has been found in the essential oil of S. reuterana from north of Lorestan [10] , Dolat-Abad, the province of Khorasan [9] and Tehran [24] . This compound has also been determined in other Salvia species, such as S. sclarea L. [20] and S. mirzayanii Rech. f. [25] . Benzoic acid hexyl ester and 8S,13-cedrandiol and epi-laurenene, which are the second, third and fourth major components, respectively, have not been found previously in any Salvia species. Bicyclogermacrene, which forms 8.2% of S. reuterana oil, has also been found in the oil of S. reuterana from the provinces of Khorasan [9] and Lorestan [10] . It should be pointed out that the constituents of essential oils are normally influenced by several factors such as geographical, climatic, seasonal and experimental conditions [26] .
The essential oils and methanol extracts of S. reuterana were subjected to screening for their possible antioxidant activities using 2,2-diphenyl-1-picrylhydrazyl (DPPH) and β-carotene/linoleic acid assay methods. The reduction in the intensity of absorption at 517 nm of methanol solutions of DPPH radical in the presence of antioxidants is usually taken as a measure of their antioxidant activity. The concentrations that led to 50% inhibition (IC 50 ) are given in Table 2 . The best radical scavenging activity, with an IC 50 value of 77.6 ± 1.8 µg/mL, about 26% of the potency of the synthetic standard BHT (IC 50 =20.0 ± 0.5 µg/mL), is related to the flower extract. The leaf extract of the plant showed moderate inhibitory activity, with an IC 50 value of 119.4 ± 6.2 µg/mL. The plant essential oils demonstrated only minor antioxidant activity in this test, and only about 34.0% and 19.2% inhibition were recorded for concentrations up to 1.5 mg/mL of these oils. . According to this report, the DPPH radical scavenging activity of S. reuterana was less than that of the other Salvia species. In comparison with this earlier study, our results revealed that the radical-scavenging activity of the flower extract of S. reuterana is about two times more than that found in the previous study.
In the β-carotene/linoleic acid test, the inhibition percentage of the extracts from the flowers and leaves of S. reuterana on the oxidation of β-carotene in the presence of linoleic acid oxidation intermediates were 30.4% and 40.3%, respectively ( Table 2 ).
The results of the antimicrobial activity tests on S. reuterana essential oils and methanol extracts are given in Table 3 and 20.0 ± 0.5 82.9 ± 1.8 a Less than 35% inhibition for the essential oils concentration up to 1.9 mg/mL, ND (not determined), NA (not applicable).
indicate that, at the tested concentrations, the plant has moderate to good antimicrobial activity against some of the tested microorganisms. The flower essential oil showed the strongest antimicrobial activitiy against C. albicans, with a MIC value of 7.8g/mL, while the other essential oils and the extracts were weakly active with MICs equal to or greater than 125 g/mL. Reported results on the antimicrobial activities of the essential oils (leaf, stem and flower) of S. reuterana from the north-east of Iran (Dolat-Abad) [9, 27] Also the flower oil exhibited strong antimicrobial activity against C. albicans in comparison with reported results of this plant growing in north-east Iran (Dolat-Abad) [9, 27] . From these results, and the positive correlation between the antioxidant activity and the total phenolic content of this plant, it could be concluded that S. reuterana may be a new potential source of natural antioxidant and antimicrobial additive for the food and pharmaceutical industries. However, the components responsible for the antioxidant and antimicrobial activities of these extracts are currently unclear. Therefore, it is suggested that further work be performed on the isolation and identification of the antioxidant and antimicrobial components of these extracts. 
Isolation of the essential oil:
The dried and powdered leaves and flowers of the plant (100 g) were subjected to steam distillation for 3.5 h using a simultaneous steam distillation and extraction apparatus (Ashke Shishe Company, Iran) to produce a yellow volatile oil. The oils were stored in amber vials at 4˚C) prior to analysis.
Preparation of methanol extracts:
Dried and powdered leaves (40 g) and flowers (20 g) of the plant were extracted with 400 mL methanol using a Soxhlet extractor for 8 h. Solvent removal by rotary evaporation and drying the residue in a vacuum oven at 50˚C yielded 7.00 g (17.5%) and 2.88 g (14.4%) of the crude extract from Bioactivity of Salvia reuterana Natural Product Communications Vol. 7 (5) 2012 653 Table 3 : Antimicrobial activity of the essential oils and methanol extracts of S. reuterana. Extracts  Antibiotics  Flower  Leaf  Flower  Leaf  Gentamicin  Rifampin  Nystatin  Test microorganis  DD  MIC  DD  MIC  DD  MIC  DD  MIC  DD  MIC  DD  MIC  DD  MIC  S. aureus  ----8  500  8  250  21  500  10  250  NA  NA  S. epidermidis  ----10  250  --35  500  40  250  NA  NA  K. pneumoniae  ----7  500  8  500  22  250  7  250  NA  NA  Sh. dysenteriae  ----7  250  --18  500  8  250  NA  NA  S. paratyphi-A serotype  ----7  250  7  500  21  500  -NT  NA  NA  B. subtilis  ----11  500  10  500  21  500  13  15.6  NA  NA  C. albicans  12  7.81  ------NA  NA  NA  NA  33  125  A. niger  --------NA  NA  NA  NA  27  31.2  P. vulgaris  17  125  13  125  10  500  --23  500  10  125  NA  NA  E. coli  ----10  500  9  500  20  500  11  500 NA NA (-) indicates no antimicrobial activity; a DD (Disk diffusion method), Inhibition zone in diameter (mm) around the impregnated discs; b MIC (minimal inhibition concentration as µg/mL), NA (Not applicable), NT (Not tested). leaves and flowers, respectively. Extracts were concentrated, dried and kept in the dark at 4˚C until tested.
Essential oils

Gas chromatography (GC) analysis:
Oils obtained from the flowers and leaves were analyzed using an Agilent HP-6890 gas chromatograph (Agilent Technologies, Palo Alto. CA, USA) with a HP-5MS 5% phenylmethylsiloxane capillary column (30 m × 0.25 mm, 0.25 µm film Thickness; Restek, Bellefonte, PA) equipped with a FID detector. Oven temperature was kept at 60°C for 3 minutes initially, and then raised at a rate of 3°C /minute to 250°C. Injector and detector temperatures were set at 220 and 290°C, respectively. Helium (1 mL/minute) was used as carrier gas and diluted samples (1/1000 in n-pentane, v/v) of 1.0 µL were injected manually in the split less mode. Peaks area percentages were used for obtaining quantitative data.
Gas chromatography⁄mass spectrometry (GC⁄MS) analysis:
GC/MS analysis of the oils was carried out on an Agilent HP-6890 gas chromatograph with a HP-5MS 5% phenylmethylsiloxane capillary column equipped with an Agilent HP-5973 mass selective detector in the electron impact mode (ionization energy: 70 eV) operating under the same conditions as described above. Retention indices (RI) were calculated for all components using a homologous series of n-alkanes injected in conditions equal to the samples ones. Identification indices were made relative to n-alkanes and computer matching with the Wiley 275.L and Wiley 7n.L libraries, as well as comparisons of the fragmentation pattern of the mass spectra with the data published in the literature [28] .
Antioxidant activity
Free radical scavenging activity: Radical-scavenging activity (RSA) of the plant essential oils and extracts was determined using a published DPPH radical scavenging activity assay method [29] with minor modifications, as reported in previous work [30, 31] .
β-Carotene-linoleic acid assay:
In this assay, the antioxidant activity was determined by measuring the inhibition of conjugated diene hydroperoxides arising from linoleic acid oxidation. The method described by Miraliakbari and Shahidi [32] was used, with slight modifications [30, 31] .
Assay for total phenolics: Total phenolic constituents of the methanol extracts of S. reuterana was determined by literature methods involving Foline-Ciocalteu reagent and gallic acid standard [33] .
Antimicrobial activity
Microorganisms: The essential oils and methanol extracts of S. reuterana were individually tested against a set of 10 microorganism strains. The following microbial strains were provided by the Iranian Research Organization for Science and Technology (IROST) and used in this research: Staphylococcus epidermidis (ATCC 12228), Escherichia coli (ATCC 10536), Bacillus subtilis (ATCC 6633), Shigella dysenteriae (PTCC 1188), S. aureus (ATCC 29737), Klebsiella pneumonia (ATCC 10031), Proteus vulgaris (PTCC1182), Salmonella paratyphi-A serotype (ATCC 5702), Candida albicans (ATCC 10231), and Aspergillus niger (ATCC 16404). Bacterial strains were cultured overnight at 37°C in nutrient agar (NA), and fungi were cultured overnight at 30°C in Sabouraud dextrose agar (SDA).
Disc diffusion assay:
Determination of antimicrobial activities of the essential oils and methanol extracts from S. reuterana were accomplished by the agar disc diffusion method (National Committee for Clinical Laboratory Standard) [34] . The dried plant extracts were dissolved in DMSO to a final concentration of 30 mg/mL and filtered through 0.45 µm Millipore filters for sterilization. Antimicrobial tests were carried out using the disc diffusion method reported by Murray et al. [35] and employing 100 µLof suspension containing 108 CFU/mL of bacteria, 106 CFU/mL of yeast and 104 spore/mL of fungi spread on the nutrient agar (NA), Sabouraud dextrose (SD) agar and potato dextrose (PD) agar mediums, respectively. The discs (6 mm in diameter) impregnated with 10 µL of either the essential oils or methanol extract solutions (300 µg/disc) and DMSO (as negative control) were placed on the inoculated agar. The inoculated plates were incubated for 24 h at 37°C for bacterial strains, and 48 h and 72 h at 30°C for yeast and mold isolates, respectively. Centamicin (10 µg/disc) and rifampin (5 µg/disc) were used for bacteria, and nystatin (100 I.U.) for fungi as positive controls. The diameters of inhibition zones were used as a measure of antimicrobial activity and each assay was repeated twice.
Microwell dilution assay:
Bacterial strains and yeast sensitive to the plant oils and extracts in the disc diffusion assay were studied for their minimal inhibition concentration (MIC) values using the micro-well dilution assay method [36] .
